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Jessica Phillips-Silver and colleagues
recently introduced a new concept, neu-
roentrainment, to refer to the human
tendency for synchronization in time
and affect through coordinated rhyth-
mic movements. Entrainment, from
French entraîner, originally refers to the
spatiotemporal coordination between
several individuals in response to a rhyth-
mic signal (Phillips-Silver and Keller,
2012). By extension, the neuroentrain-
ment framework by Jessica Phillips-Silver
and colleagues aims at developing the-
oretical and technical tools for further
understanding how entrainments from
different movement disciplines favors
body and mind development of healthy
volunteers and may treat patients suffer-
ing from various pathological conditions.
In cognitive and behavioral (CBT)-
inspired therapies, clinicians have a
theoretical and technical tool so-called
Eye Movement Desensitization and
Reprocessing (EMDR) to treat anxiety dis-
orders, particularly Post-Traumatic Stress
Disorder (PTSD). Knowing that EMDR
can treat affective disorders through coor-
dinated movements, we examine in this
opinion article the possibility that EMDR
may act as neuroentrainment.
EMDR AS COGNITIVE
NEUROENTRAINMENT
In 1987, Francine Shapiro observed on
herself cognitive and emotional changes
after she had made rhythmic left-right
smooth pursuit movements of the eyes.
Rather than being focused on negation
cognition and worried, movement had
switched her state-of-mind to new per-
spective and hope. From that observation,
she developed a cognitive and behavioral
(CBT)-inspired protocol called EMDR to
treat PTSD (Shapiro, 1989a,b). EMDR
may act as cognitive neuroentrainment.
One goal of EMDR is to alleviate negative
cognition during the desensitization phase
and to replace it by positive cognition dur-
ing the reprocessing phase. To achieve this
goal, many aspects of patient’s cognition
are stimulated and entrained. First, the
EMDR therapist performs functional anal-
ysis to identify a single traumatic memory
related to a particular event. Traumatic
memory is here defined as a blend of
multi-sensory images (visual, auditory,
olfactory, somatosensory, related to taste),
negative cognition, negative emotion, and
their related unpleasant physical sensa-
tions (Van Der Kolk, 1994; Van Der Kolk
and Fisler, 1995). Once traumatic mem-
ory is identified, the patient is invited
to (re)build the visual image associated
with its most acute moment. Thus, visual
mental imagery is demanded to pro-
vide the clearest visual image, which may
vary in nature and intensity through-
out the procedure. Then the patient is
asked to identify the negative cognition
he/she may express about him/herself
while thinking about the scene, and to
quantify his/her belief in such cogni-
tion on a subjective scale. Such exer-
cise requires multiple cognitive abilities:
attention, self-consciousness or feeling
of self, personal semantic memory, and
metacognition (debriefings during which
the patient is asked to communicate on
his/her thoughts and feelings), in order to
identify potential dysfunctional schemes
related to the self (Young, 1999; Young
et al., 2002). Later in the reprocessing
phase, the patient is requested to replace
such negative cognition by a new positive
one. This cognition is reinforced through
rhythmic movements and acts as a new
narrative content of self-consciousness
(Meichenbaum and Fitzpatrick, 1993).
From the desensitization phase to the
reprocessing one, the patient goes through
multiple cognitive steps, in which episodic
memory (memory of well-defined events
in space and time) is also highly required.
EMDR is indeed concrete in the sense
that it only applies to well-defined events
in patient’s experience of time and space.
PTSD is made up with a node link-
ing different events (where the identi-
fied traumatic memory is only one of
them), which may be disseminated in
space and time of patient’s life, but which
EMDR is able to gather as free associ-
ation of psychoanalysis (Wachtel, 2002).
Indeed during the EMDR procedure, the
patient jumps from one episodic mem-
ory to another. However EMDR allows
faster processing than psychoanalysis due
to the media used—rhythmic movement
in the former vs. language in the latter –
presumably because the neural substrate of
rhythmic movement has more direct links
to the limbic system than that of language
areas (see below). Once disseminated frag-
ments of traumatic memory have been
reconnected, they can be integrated into
a new personal semantic memory net-
work (Braun, 1988; Van Der Kolk et al.,
2001). Integration of traumatic memory
disseminated/dissociated fragments into
new cognitive schemes is the main goal
of EMDR (Van Der Kolk, 1994; Van Der
Kolk and Fisler, 1995; Shapiro, 2001).
Throughout the EMDR procedure, all
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aspects of attention are also demanded:
arousal (or vigilance), selection, and con-
trol (Pashler, 1998; Parasuraman, 2000).
Distraction, as a feature of attention, has
been advocated to partially account for
EMDR effects, allowing the patient to be in
the intermediate situation in which he/she
is not distracted enough and not capa-
ble of negative association (Dyck, 1993).
Switching between periods of exposure,
movements of the eyes, and metacog-
nition also requires cognitive flexibility
(Lohr et al., 1998; McNally, 1999). Taken
together, EMDR may act as cognitive neu-
roentrainment as its procedure requires
several cognitive demands: attention, in
particular attentional control, but also
episodic and personal semantic memory,
visual mental imagery, self-consciousness,
and metacognition. As compared to psy-
choanalysis, less importance is given to
language, which is restricted to expedient
and concise descriptions of thoughts and
feelings.
EMDR AS EMOTIONAL
NEUROENTRAINMENT
EMDR primarily acts as emotional neu-
roentrainment since it aims at treating
PTSD, an anxiety disorder. During the
desensitization phase of the protocol, left-
right smooth pursuit eye movements have
also the benefit to alleviate negative emo-
tion and their related unpleasant physical
sensations (Shapiro, 1989a,b, 2001). To
achieve this goal, the patient is first invited
to identify the negative emotion associ-
ated with traumatic memory, which may
be fear or anger in most cases. Negative
emotion is usually consistent with the
negative cognition revealing dysfunctional
scheme about the self. Once the emotion
is identified, the patient is then requested
to describe the physical sensation(s) asso-
ciated with this negative emotion. Such
sensation might be some pain in the
stomach or some unpleasant sensation
in the throat. In any case, identifying as
precisely as possible the physical sensa-
tion associated with negative emotion
and quantifying the level of disturbance
on a subjective scale help the patient to
make sense of his/her emotional state
(Gendlin, 1996). It once again provides
both the patient and the therapist concrete
information to assess and modulate the
level of anxiety throughout the procedure
(Shapiro, 2001). This aspect of the proto-
col is crucial as it participates to develop
the patient’s “metaemotion”—the abil-
ity to think about one’s own emotions
and potentially others’ ones. During the
EMDR procedure, the switch between
periods of exposure and metaemotion
forces the patient to face his/her nega-
tive emotion thus preventing its avoidance
(Shapiro, 2001). Such switch reinforces
self-mastery and self-efficacy (Bandura,
2000). Finally, EMDR is also compatible in
its procedural aspects with oriental medi-
tative practice (Kabat-Zinn, 1990; Krystal
et al., 2002), full attention/consciousness
of behavioral therapies (Linehan, 1993),
and acceptance/commitment therapies
(Hayes et al., 1999). The common denom-
inator of these theoretical and practical
frameworks is to reach some balance in
the attentive feeling of self, which may be
defined as harmonious flow of sensory,
cognitive, emotional, and physical asso-
ciations (Servan-Schreiber, 2003). The
best results in EMDR are obtained in the
intermediate state in which attention and
emotion work fluently and in harmony. In
other words, one goal of EMDR is to make
sensitive to emotion the most attentive
part of themind—attentional control. Our
suggestion is that rhythmic movements of
the eyes, or potentially of other body parts,
may facilitate such flow of attention and
emotion. In terms of Bayesian models
of decision (e.g., Schall, 2004), rhythmic
movement per se is sufficient to decrease
the distance to thresholds of excitatory
units for movement, leading to release of
inhibition (i.e., distraction) in the atten-
tional network, and making dysfunctional
cognitive and emotional information
labile enough for their manipulation and
integration. In this framework, time may
be the core of cognitive and emotional
processes, and EMDR may be viewed as
re-mastering time, which has been lost
with PTSD. Taken together, EMDR acts as
emotional neuroentrainment as it devel-
ops emotional control, which involves
at least four essential functions: (i) the
ability to identify one’s own emotional
state and others’ one; (ii) the ability to
understand the natural course of emo-
tions; (iii) the ability to reason and argue
about one’s own emotions and others’
ones; and (iv) the ability to deal with and
control one’s own emotions and others’
ones (Servan-Schreiber, 2003). About abil-
ity (ii), it is worth noting that EMDR does
not contradict Freud’s seminal descrip-
tion of the natural course of emotions,
initially focused on one’s own emotions
before reasoning about others’ ones (i.e.,
empathy) (Freud, 1917). Once again, the
difference between EMDR and psycho-
analysis is the media used—movement vs.
language, respectively—and their tempo-
ral consequences, which leads us to our
final issue about time and affect.
EMDR MAY INDUCE
SYNCHRONIZATION IN TIME AND
AFFECT
Since the original observation of Shapiro
(1989a,b), over 300 studies have examined
the effects of EMDR and several meta-
analyses have shown its higher efficiency
in PTSD as compared to pharmaco-
logical or other psychological interven-
tions (e.g., Van Etten and Taylor, 1998).
However, EMDR mechanism is hitherto
unknown. We have mentioned that rhyth-
mic movements of the eyes, originally
obtained by left-right smooth pursuit
in response to bilateral movement of a
visual stimulus, are an important fea-
ture of EMDR protocol (Shapiro, 1994).
Importantly, bilateral stimulation can be
not only visual but also auditory (i.e.,
a sound stimulating ears bilaterally) or
tactile (i.e., a bilateral stimulation of
any body parts) (Shapiro, 1994, 2001).
Thus, rhythmic and bilateral aspects of
the sensory stimulation, regardless of the
modality, seem to be more crucial than
eye movements per se. How can EMDR
be able to concomitantly induce syn-
chronization in time and affect? Among
hypotheses about EMDR effects, some
authors have suggested that it may favor
hemispheric synchronization. According
to Shapiro (2001), normal neuropsycho-
logical condition is given by excitatory
and inhibitory mechanisms in which pos-
itive and negative events are integrated by
an adaptive information processing system
(AIPS). Imbalance may occur whenever
the AIPS is unable to integrate negative
events, due to either insufficient capac-
ity of AIPS or exceptional intensity of
the event, resulting in traumatic mem-
ory. By stimulating the AIPS similarly to
Rapid Eye Movement (REM) paradoxical
sleep stage, EMDR in the awake patient
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might activate both hemispheres as a
pacemaker thus facilitating down regula-
tion of the limbic system and integration
of dysfunctional information (Bergmann,
2000; Shapiro, 2001; Stickgold, 2002).
Such assumption is supported by studies
on hemispheric asymmetry in emotional
processing (Heller et al., 1995; Keller
et al., 2000). Functional brain imaging
of emotional processing in PTSD and
other anxiety disorders has evidenced
hypoactivation in the dorsal and ros-
tral anterior cingulate cortex (ACC) and
ventromedial prefrontal cortex-structures
linked to the regulation of emotion (Etkin
and Wager, 2007). Additionally, a SPECT
study showed that EMDR intervention
in PTSD patients led to hyperactiva-
tion of ACC and left frontal lobe (Levin
et al., 1999). How can synchronization
in space (i.e., between two hemispheres)
be related to some synchronization in
time? Among the different visual sys-
tems, one of them is directly related to
the circadian clock. Indeed some contin-
gent of intrinsically photosensitive reti-
nal ganglion cells (ipRGCs) is directed
to the supra-chiasmatic nucleus in the
hypothalamus (Dhande and Huberman,
2014). Through melanopsin, this retino-
hypothalamic visual system projects to
the pineal gland, which itself produces
melatonin, and regulates various behav-
ioral and biological functions and cir-
cadian rhythms related to temperature,
wake/sleep, reproduction, autonomic, and
hormonal functions (Trachtman, 2010). It
is worth noting that ipRGCs have also been
shown to influence mood, presumably via
their inputs to the amygdala or habenula
(Hattar et al., 2006; LeGates et al., 2012).
Additionally M1 subtype of ipRGCs also
targets the superior colliculus (SC), which
is itself linked to the amygdala and the
orbitofrontal cortex (Krolak-Salmon et al.,
2004). Taken together, our suggestion is
that visual bilateral stimulation may be
able to induce (i) synchronization in time
by stimulating the circadian clock through
the retino-hypothalamic visual system;
and (ii) synchronization in affect by stimu-
lating the limbic system (i.e., amygdala and
orbitofrontal cortex) directly or indirectly
(via SC) targeted by ipRGCs. The way non-
visual bilateral stimulation induces similar
benefits may be obtained via supramodal
cerebral areas such as the tectal platform.
To conclude, EMDR is a rich theoretical
and technical tool, whose neural mech-
anism needs to be further investigated.
EMDR may act as cognitive and emo-
tional neuroentrainment by inducing syn-
chronization in time and affect, possibly
through the retino-hypothalamic visual
pathway and related supramodal subcorti-
cal and cortical systems, which are linked
to the limbic system.
ACKNOWLEDGMENTS
The author thanks Jessica Phillips-Silver
(USA), Catherine J. Stevens (Australia),
and Petri Toiviainen (Finland) for
their invitation to participate in the
“Neuroentrainment: a body-centered
framework for the neuroscience of affec-
tive and temporal entrainment in dance,
music, and other forms of coordinated
rhythmic movement” research topic.
REFERENCES
Bandura, A. (2000). “Self-efficacy: The foundation
of agency,” in Control of Human Behavior, Mental
Processes, and Consciousness: Essays in Honor of
the 60th Birthday of August Flammer, eds W.
J. Penig and A. Grob (Mahwah, NJ: Erlbaum),
17–33.
Bergmann, U. (2000). Further toughts on the neuro-
biology of EMDR: The role of the cerebellum in
accelerated information processing. Traumatology
6, 175–200. doi: 10.1177/153476560000600303
Braun, B. G. (1988). The BASK model of dissociation.
Dissociation 1, 4–23.
Dhande, O. S., and Huberman, A. D. (2014).
Retinal ganglion cell maps in the brain: impli-
cations for visual processing. Curr. Opin.
Neurobiol. 24, 133–142. doi: 10.1016/j.conb.2013.
08.006
Dyck, M. J. (1993). A proposal for a conditioning
model of eye movement desensitization treatment
for posttraumatic stress disorder. J. Behav. Ther.
Exp. Psychiatry 24, 201–210. doi: 10.1016/0005-
7916(93)90022-O
Etkin, A., and Wager, T. D. (2007). Functional neu-
roimaging of anxiety: a meta-analysis of emotional
processing in PTSD, social anxiety disorder, and
specific phobia. Am. J. Psychiatry 164, 1476–1488.
doi: 10.1176/appi.ajp.2007.07030504
Freud, S. (1917). Trauer und Melancholie. Int. Z.
Psychoanal. 4, 288–301.
Gendlin, E. T. (1996). Focusing-Oriented
Psychotherapy: A Manual of the Experiential
Method. New York, NY: Guilford Press.
Hattar, S., Kumar, M., Park, A., Tong, P., Tung, J.,
Yau, K. W., et al. (2006). Central projections of
melanopsin-expressing retinal ganglion cells in
the mouse. J. Comp. Neurol. 497, 326–349. doi:
10.1002/cne.20970
Hayes, S. C., Wilson, K. G., and Strosahl, K. D.
(1999). Acceptance and Commitment Therapy: An
Experimental Approach to Behavior Change. New
York, NY: Guilford Press.
Heller, W., Etienne, M. A., and Miller, G. A.
(1995). Patterns of perceptual asymme-
try in depression and anxiety: implications
for neuropsychological models of emotion
and psychopathology. J. Abnorm. Psychol.
104, 327–333. doi: 10.1037/0021-843X.104.
2.327
Kabat-Zinn, J. (1990). Full Catastrophe Living: The
Program of the Stress Reduction Clinic at the
University of Massachusetts Medical Center. New
York, NY: Dell.
Keller, J., Nitschke, J. B., Bhargava, T., Deldin, P.
J., Gergen, J. A., Miller, G. A., et al. (2000).
Neuropsychological differentiation of depression
and anxiety. J. Abnorm. Psychol. 109, 3–10. doi:
10.1037/0021-843X.109.1.3
Krolak-Salmon, P., Henaff, M. A., Vighetto, A.,
Bertrand, O., and Mauguiere, F. (2004). Early
amygdala reaction to fear spreading in occipital,
temporal, and frontal cortex: a depth electrode
ERP study in human. Neuron 42, 665–676. doi:
10.1016/S0896-6273(04)00264-8
Krystal, S., Prendergast, J., Krystal, P., Fenner,
P., Shapiro, L., and Shapiro, K. (2002).
“Transpersonal psychology, Eastern nond-
ual philosophy and EMDR,” in EMDR as an
Integrative Psychotherapy Approach, ed F. Shapiro
(Washington, DC: American Psychological
Association Press), 319–340.
LeGates, T. A., Altimus, C. M., Wang, H., Lee, H.
K., Yang, S., Zhao, H., et al. (2012). Aberrant
light directly impairs mood and learning through
melanopsin-expressing neurons. Nature 491,
594–598. doi: 10.1038/nature11673
Levin, P., Lazrove, S., and Van Der Kolk, B. (1999).
What psychological testing and neuroimaging tell
us about the treatment of Posttraumatic Stress
Disorder by Eye Movement Desensitization and
Reprocessing. J. Anxiety Disord. 13, 159–172. doi:
10.1016/S0887-6185(98)00045-0
Linehan, M. M. (1993). Cognitive-Behavioral
Treatment of Borderline Personality Disorder.
New York, NY: Guilford Press.
Lohr, J. M., Tolin, D. F., and Lilienfeld, S. O. (1998).
Efficacy of eye movement desensitization and
reprocessing: implications for behavior therapy.
Behav. Ther. 29, 123–156. doi: 10.1016/S0005-
7894(98)80035-X
McNally, R. J. (1999). Research on eye movement
desensitization and reprocessing (EMDR) as a
treatment of PTSD. PTSD Res. Q. 20, 1–7.
Meichenbaum, D., and Fitzpatrick, D. (1993). “A con-
structivist narrative perspective on stress and cop-
ing: Stress inoculation applications,” in Handbook
of Stress: Theoretical and Clinical Aspects, 2nd Edn,
eds L. Goldberger and S. Breznitz (New York, NY:
Free Press), 706–723.
Parasuraman, R. (2000). The Attentive Brain.
Cambridge, MA: MIT Press.
Pashler, H. E. (1998). The Psychology of Attention.
Cambridge, MA: The MIT Press.
Phillips-Silver, J., and Keller, P. E. (2012). Searching
for roots of entrainment and joint action in early
musical interactions. Front. Hum. Neurosci. 6:26.
doi: 10.3389/fnhum.2012.00026
Schall, J. D. (2004). On building a bridge between
brain and behavior. Annu. Rev. Psychol. 55,
23–50. doi: 10.1146/annurev.psych.55.090902.
141907
Frontiers in Human Neuroscience www.frontiersin.org January 2015 | Volume 8 | Article 1035 | 3
Coubard EMDR as neuroentrainment
Servan-Schreiber, D. (2003). Guérir le Stress, l’Anxiété
et la Dépression sans Médicaments ni Psychanalyse.
Paris: Robert Laffont.
Shapiro, F. (1989a). Efficacy of the Eye Movement
Desensitization procedure in the treatment of
traumatic memories. J. Trauma Stress 2, 199–223.
doi: 10.1002/jts.2490020207
Shapiro, F. (1989b). Eye movement desensitization: a
new treatment for post-traumatic stress disorder.
J. Behav. Ther. Exp. Psychiatry 20, 211–217. doi:
10.1016/0005-7916(89)90025-6
Shapiro, F. (1994). Alternative stimuli in the use of
EMD(R). J. Behav. Ther. Exp. Psychiatry 25, 89. doi:
10.1016/0005-7916(94)90071-X
Shapiro, F. (2001). Eye Movement Desensitization and
Reprocessing (EMDR): Basic Principles, Protocols,
and Procedures. New York, NY: The Guilford Press.
Stickgold, R. (2002). EMDR: a putative neurobio-
logical mechanism of action. J. Clin. Psychol. 58,
61–75. doi: 10.1002/jclp.1129
Trachtman, J. N. (2010). Vision and the
hypothalamus. Optometry 81, 100–115. doi:
10.1016/j.optm.2009.07.016
Van Der Kolk, B. A. (1994). The body keeps the score:
memory and the evolving psychobiology of post-
traumatic stress. Harv. Rev. Psychiatry 1, 253–265.
doi: 10.3109/10673229409017088
VanDer Kolk, B. A., and Fisler, R. (1995). Dissociation
and the fragmentary nature of traumatic
memories: overview and exploratory study.
J. Trauma Stress 8, 505–525. doi: 10.1002/jts.24900
80402
Van Der Kolk, B. A., Hopper, J. W., and Osterman, J.
E. (2001). Exploring the nature of traumatic mem-
ory: combining clinical knowledge with laboratory
methods. J. Aggres. Maltreat. Trauma 4, 9–31. doi:
10.1300/J146v04n02_02
Van Etten, M. L., and Taylor, S. (1998). Comparative
efficacy of treatments for post-traumatic stress dis-
order: a meta-analysis. Clin. Psychol. Psychother. 5,
126–144.
Wachtel, P. L. (2002). “EMDR and psychoanaly-
sis,” in EMDR as an Integrative Psychotherapy
Approach, ed F. Shapiro (Washington, DC:
American Psychological Association Press),
123–150.
Young, J. E. (1999). Cognitive Therapy for Personality
Disorders: A Schema-Focused Approach. Sarasota,
FL: Professional Resource Press.
Young, J. E., Zangwill, W. M., and Behary, W.
E. (2002). “Combining EMDR and schema-
focused therapy: The whole may be greater
than the sum of the parts,” in EMDR as an
Integrative Psychotherapy Approach, ed F. Shapiro
(Washington, DC: American Psychological
Association Press), 181–208.
Conflict of Interest Statement: The authors declare
that the research was conducted in the absence of any
commercial or financial relationships that could be
construed as a potential conflict of interest.
Received: 25 June 2014; accepted: 09 December 2014;
published online: 07 January 2015.
Citation: Coubard OA (2015) Eye Movement
Desensitization and Reprocessing (EMDR) re-examined
as cognitive and emotional neuroentrainment.
Front. Hum. Neurosci. 8:1035. doi: 10.3389/fnhum.
2014.01035
This article was submitted to the journal Frontiers in
Human Neuroscience.
Copyright © 2015 Coubard. This is an open-access
article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, dis-
tribution or reproduction in other forums is permit-
ted, provided the original author(s) or licensor are
credited and that the original publication in this
journal is cited, in accordance with accepted aca-
demic practice. No use, distribution or reproduc-
tion is permitted which does not comply with these
terms.
Frontiers in Human Neuroscience www.frontiersin.org January 2015 | Volume 8 | Article 1035 | 4
